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Abstract: 

r D p a / t Tc:S dUCti0n ^ u ^ e u ments for dual-luminophor pressure/temperature sensiti 
(P/TSP) are explored through the use of principal component analys s ThT 
dual-lummophor coating contains one luminophor which primary responds to 

both temperature' and prLsT.te^n 



indicates that a two-factor reduced order model based on two fundamental sdp 
represents the majority of the luminescence response but cannot ^eHy acco 
mutual ,nteract.on effects between the luminophors. The inclusion o7a third fa c 



p/tIp LZ SU ? cl f nt| y model the m ^a' interaction effects. This work Indicates 
,mn ^ data reduct,on Procedures based on principal component analys I are or 
a aCCUraCy ° f the measure ™nts. The potential to remove the reou 

a wind-off reference image and to reject high frequency noise is also Instated 
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Abstract: 

The development of a field-deployable non-intrusive optical-based crack-detect 
measurement system based on temperature-sensitive-paint (TSP) technology i 
described. The TSP developed is based on a platinum porphyrin immobilized in 
sol-gel-derived thin film. For this test, the TSP is deposited on top of an alumin 
that is then subjected to dynamic fatigue through the use of an electrodynamic 
Detection of cracks in the aluminum is accomplished by monitoring the change 
surface temperature of the plate as it was excited at its resonant frequency Vis 
and measurement of the cracks is easily accomplished in near real time using t 
method. Finally, this method is compared with conventional thermography and 
results indicate that for aluminum, the surface-temperature change was below 
resolution of conventional instrumentation. 
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Abstract: 

Temperature sensitive paint systems exploit the 



variation in convective heat tra 



— n" F W or thtS detect^" of b^nda" 

slow thermal responsTreiative to conv^r inn h P °,? nt ? r Wind tunnel models * 
rapid changes in freestream tei^t^r- heat 5 ansfer - Wind tunnels that c 
temperature sensW^^n SZttSte?™^* a m °del thermal response 
provide acceptable estimated ^ to assess ^^in"™*? 1 heat transfer simu 
Data are presented to substantiate thaVS S ' 3nd m ° del thermal char 

P " i0d ^^ C ° U,d ^ 9Chi 
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High resolut.cn, non-intrusive measurement 
. temperature and heat transfer using temper 

£m hVTT h3Ve b6en demonstrated by L 
Campbell. A typical TSP consists of the lumin 

bTs e s C o U e th e n t an ° Xy9en im P— b.e bind " 
basis of the temperature sensitive paint met 

he sens.tiv.ty of the luminescent molecules 

ttemja env.ronment. The luminescent mole 

Placed m an excted state by absorption of a 

The excted molecule deactivates through th 

em.ss.on of a photon. A rise in temperature 

ummescent molecule will increase the proba 

that the molecule will return to the ground s 

rad at-onless process. This process is known 

thermal quench.ng and is the basis of tempe 

sensitive paint. The temperature of the p Tn 

surface can be measured by detecting the 

fluorescence intensity I( T ) of the luminescen 

The lu mjn e SC ent intensity of the temperatur 
sensitive pa.nt at a given point is not only a 
of temperature.For practical applications of T 
spatial var,at,ons in illumination, paint conce 
pain layer thickness, and camera sensSy 
result m a vanation in the detected luminesc 
intensity from the test surface. These Tatia 
variations are eliminated by ratioing the lum 
intensity of the paint at the unknown test co 
(I T ) with the luminescent intensity of the pai 



known reference condition (I 
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Figure I . Topical Pressure orj, 
experimental arrangement 



emperature Sensitive faint (PSPorTSP) 



Pressure and Temperature Sensitive Paints (PSP fr T5P) are luminescent 
surface coatings for which the luminescence intensity is related to the surface 
pres SUre a d te aturc . cons|?ts of ^ ox ^ en ^ 

binder in which a luminescent dye is dispersed. T he dye is excited bu 
absorbing light (generally (J V or blue) and relaxes by emitting red shifted light 
An alternate decay process is through the interaction of the due with an 
oxygen molecule (called oxygen ouenching). A s the pressure above the layer 
-ncreases, the oxygen concentration within the layer will increase and the 
luminescence intensity will decrease. 

The luminescence intensity of the dues is also temperature dependent, a, is 
the mass diffuse of the poller binder. These two effects cause T5P 
coat.ngs to also be sensitive to temperature. T o make a temperature sens,tive 
pamt ( | Sou simplu disperse the due in an oxugen impermeable binder 

such as epoxj. Dual purpose coatings for simultaneous pressure and 

temperature measurers are possible and are currently being developed b, 

ourgroup. v z) 
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Figure I shows a typical experimental arrangement for either P5P or T5P- 
An illumination source is used to excite the paint layer coated on the model (in 
this case and aircraft in a wind tunnel). Common illumination sources are 
filtered tungsten-halogen lamps ( W nm) or the blue line of an argon-ion laser 
{+88 nm). The red shifted luminescence is then measured with a camera/filter 
{600-6,0 nm) arrangement. The camera can be either a film based camera or a 
cooled CCD camera. Tor land based applications, the cooled CCD is 
generally more accurate and easier to use, while flight testing applications 
often reauire the film based method. 

A schematic of the actual P5P layer is shown in figure 2 for isothermal, 
steady state conditions. Temperature variations across the surface will 
introduce errors into the measurements. Additionally, unsteady pressures 
introduce problems since the oxygen concentration across the layer is no 
longer uniform due to finite diffusion times. A T5P layer would be similar 
except that the binder would be oxygen impermeable such that the oxygen 
concentration within the layer would be zero. 
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Isothermal Steady Conditions 
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N 02(y. z) = oP 




Hgure 2. Enlargement of a P5P coating. The layer is held 
constant temperature and pressure 
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TEMPERATU RE-SENSITIVE PAINTS 



Introduction 



In recent years, new techniques based on luminescence quenching have b 
developed for measuring temperature distributions on w?nd JSnnel mode 
new sensors are called temperature-sensitive paint (TSP) By comnaTson 
conventional techniques such as thermocouples and pressure" taps' he TS 
techniques provide a way to obtain simple, inexpensive, full-field measu 
of emperature w th much higher spatial resolution. TSP inco poraJes lum 
molecules , in a paint which can be applied to any aerodynamic model sur 
Figure 1 shows a schematic of a paint layer incorporating Sn^t m 0 



, . . ..... ..... v . .• * 



Figure 1 : Schematic of TSP/PSP Layer 

The paint layer is composed of luminescent molecules and a polymer bin 
material which can be dissolved in a solvent. The resulting pSntSn be a 

leav^ h!h US h S 3 b , mSh ° r Sprayer AS the P aint dries > theL^vent evapor 
leaves behind a po ymer matrix ^ luminescent mo ' leajl embedded m 

of the proper wavelength to excite the luminescent molecules™ the oa n 
directed at the model, and luminescent light of a longer wavelength 
the molecules. Using the proper filters, the excitation light ^Ind Snesc 
emission light can be separated and the intensity of theluminescen ligh 
therr^r h * P hotodetector - trough the^oto-physlcSfSSSS 
piTh ; ? d ox ™ en -W e ^mgs, the luminescent intensity of the pa" e 
related to temperature. Hence, from the detected luminescent intensitv 
temperature can be determined. Figure 2 shows a ty^^^^r 
map for supersonic flow around a cylinder with a Jbulen bounda^Tye 
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turbulent boundary layer at Mach = 2.5. 
These TSP techniques have been under development at Purdue University 
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faints contain + basic ingredients, pigment, binder, solvent, and additives, figments give the paint 
colorand hiding ability, and some provide stain bloclcingand corrosion resistance, fitanium Oioxide 
is the most commonly used hiding pigment. O a ys, talc, and other materials are used as extender 
pigments. ~j~he binder is the resin that holds the dried paint together. ~T~yp ic al resins are acrylic, vinyl 
acrylic, allcyd_, urethane, and epoxy. ~fhe binder is what usually determines the resistance 
characteristics of the paint, including such things as scrubbability, fade resistance, flexibility, etc. 

binder also helps the paint adhere to a surface. <5°l vent s are used to disperse or dissolve the 
solids in the paint and allow it to be applied to a surface. They affect application characteristics, dry 
time, and, in two component materials, the rate of chemical reaction between the two parts. /\dditives 
are used to improve such things as mildew resistance, thickness, in-can stability, and stain blocking 
ability to name a few. 
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